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The Lightcraft Technology
Demonstrator (LTD) Program
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NEW! Videos of recent Lightcraft flight experiments: 8 MB Quick Time, 8 MB AVI, or 4 MB MPEG.

The Air Force Research Laboratory's (AFRL) Propulsion Directorate at Edwards AFB, California, and the
National Aeronautics and Space Administration's (NASA) Marshall Space Flight Center at Huntsville, Alabama,
are jointly developing the LTD concept for launching 1 kg nanosatellites and eventually microsatellites weighing
up to 100 kg into Low Earth Orbit. The program co-managers are Dr. Franklin Mead, Jr., a senior scientist at the
Air Force laboratory, and Dr. Leik Myrabo. a professor at Rensselaer Polvtechnic Institute (RPI) in Troy, New
York. Dr. Myrabo is currently on academic leave from RPI and working full time at the Air Force laboratory
with Dr. Mead.

The main purpose of this program is to develop a new low cost space transportation system using a laser
propulsion concept in which the engine remains on the ground. Thus, the most expensive asset is never at risk.
But although the LTD represents a novel form of propulsion, it is also a different concept of launch vehicle
integration with payload. Each part of the crgft1ms” conceived with multiple functions in mind, and the same
component may serve various applications Wes during a mission into space. Thus, the payload is the
propulsion system and the propulsion systenri he payload. As an example, the primary mission of the LTD will
be to receive and transmit electromagnetic signals using the 1 m optical surface that is used to focus laser light
during propulsive maneuvers but can be used as a large diameter telescope once on station in space.

The LTD propulsion concept works by focusing laser light to a "ring"

focal point at the inner surface of the shroud. Fhus-the focussed lasep—
Jight-forms-a-eirele This focussed laser light is so intense that it rips

the air molecules apart and tears the electrons from the resulting

atoms of oxygen and nitrogen, thus forming a high temperature

nizsme. This plasma is so hot, five to six times hotter than a chemical

rocket engine, that it literally "explodes” out the back end of the

Lightcraft, creating a short pulse of very high thrust. This explosion

and expansion out the back of the vehicle is called a detonation. And

it occurs at a rate of 28 times a second. In between laser detonations,

fresh air rushes into the annulus or cavity where the laser is focussed.

Thus, the Lightcraft "refreshes" itself with cold air before each pulse. There is no propellant on board the

T intrerat venicles that are currently being tested. They use only the atmospheric air available to them as they are
to higher and higher altitudes. Rocket engineers would say that this Lightcraft vehicle has an infinite

specific impulse.




"The first phase of the LTD program began during the summer of 1996 and is scheduled for completion in
December 1998. The first experiments with a 20 cm Lightcraft weighing 2 kg were conducted in July 1996 at the
High Energy Laser System Test Facility (HELSTF), White Sands Missile Range (WSMR), New Mexico. In fact,
although the program management resides at Edwards AFB, all testing has been done at the Pulsed Laser
Vulnerahilitv Test Svstem (PLVTS} at the HELSTF.

The second phase of the LTD program is scheduled to begin in January 1999. This portion of the development
effort will use a 100 kW class CO, laser, assembled and operated in Test Cell #4 at the HELSTF, to launch
Lightcraft vehicles vertically to the edge of space (~ 30 km).

Read the most recent technical paper , and get a list of references.

What's happening;: the latest experiments, progress, and TV shows.
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The LTD Concept

The "Lightcraft Technology Demonstrator (LTD)",
is a laser propelled trans-atmospheric vehicle
(TAV) concept developed by Prof. Leik Myrabo of
titute for Lawrence
Livermore National Laboratory and the SDIO
Laser Propulsion Program in the late 1980's. The
dominant motivation behind this study was to
provide an example of how laser propulsion could
reduce, by an order-of-magnitude or more, the
production and launch costs of sensor satellites.
This novel launch system, utilizing both
airbreathing and rocket propulsion modes (dual
mode), was envisioned to employ a 100 MW-class
ground-based laser to transmit power directly to an
advanced combined-cycle engine that would propel
a 120 kg (dry mass), 1.4 m diameter LTD, with a
mass fraction of 0.5, to orbit. During launch, it was
scheduled to transition from airbreathing to rocket
mode at Mach 5 and 30 km.

1 RS SN kP A S .
Rensselaer Polvteche Ins

The LTD concept was, and is today, a
microsatellite in which the laser propulsion engine
and satellite hardware are intimately shared. The
forebody aeroshell acts as an external compression
surface (i.e. the airbreathing engine inlet). The
afterbody has a dual function as a primary receptive
optic (parabolic mirror) for the laser beam and as
an external expansion surface (plug nozzle) during
the rocket mode. The primary thrust structure is the
annular shroud. The shroud serves as both inlet and
impulsive thrust surface during the airbreathing
mode. In the rocket mode, the annular inlet is
closed, and the afterbody and shroud combine to
form the rocket thrust chamber. The three primary
structures (forebody, shroud, and afterbody) are
interconnected by a perimeterd support frame to
which all internal subsystems are attached. Once in
orbit, the single-stage-to-orbit (SSTO) LTD vehicle
becomes an autonomous satellite capable of
delivering precise, high quality information typical
of today's much larger orbital platforms.

Illustration, by Ronald K. Levan of Instructional Media
Services, of the launch of a full scale Lightcraft from a high
power laser facility at some time in the not-to-distant future.

LIQUID HYDROGEN
. {15kg)

Conceptual cutaway of a full scale operational Lightcraft.




Launch of an ultralight Lightcraft involves several
steps. First, the Lightcraft is engaged by the laser
and lifted off the launch stand. It then accelerates
at a fixed angle (say 60° upward) toward Mach 5.
With higher speeds and lower air pressure (due to
increased altitude), the amount of thrust will
decline. At 30 km altitude, the airbreathing pulsejet
engine is shut off. The vehicle continues to coast
upward along a ballistic trajectory through the
region of the Paschen minimum pressure. At the
desired altitude, the craft pitches over into its final
horizontal position and begins to receive laser
power from a low{l}ltitude relay satellite. The
Lightcraft, now in rocket mode, begins again to
increase speed to that needed for a circular orbit.

If a relay satellite is not available, then a different
launch trajectory must be employed. Again, the
Lightcraft is engaged by the laser and lifted off the
launch stand. It then accelerates at an initial angle
of about 30°, whichhis maintained g“SO s into the
flight. From then on], the Lightcraft trajectory is
allowed to arc over under the influence of gravity

in such a way that it attains orbital velocity of Figure 1 - December 1997 night launch of Lightcraft
8,000 mys at a distance of 500 km and a final angle  at the High Energy Laser System Test Facility, White
of 19.5°. However, this trajectory places the Sands Missile Range, NM

Lightcraft in a highly ellipitical orbit which would

cause the vehicle to re-enter the atmosphere half an orbit around the earth. Therefore, a small solid rocket
will be required tolcircularize the orbit. Using a small "kick" rocket in this way should enable circular
satellite altitudes of up to 2,000 km.




All testing of
the Lightcraft
has taken place
at HELSTF
with the Pulsed
Laser
Vulnerability
Test System
(PLVTS). The
PLVTSisa 10
kW, CO,
electric
discharge laser
of moderate to
high energy per
pulse. It
consists of
several
subsystems
mounted in eneryy

portable vans/trailers. This high\L,CO2 pulsed laser device is an AVCO-built HPPL-300 laser. The

device uses an electron beam to excite the CO, gas and create the lasing action. It is a pulsed

wave, closed cycle CO, laser with a pulse repetition rate of 1 to 30 pps (selectable), and a pulse

width of 18 ps. The PLVTS beam can be extracted from the system by one of two methods. The
primary method is through a static Beam Pointing Telescope (BPT). The BPT is a 50-cm

cassegrainian telescope which allows manual pointing and focusing of the beam to Aptl oub
downrange targets. The second method, and the method used for the Lightcraft tests to date, is

through simple turning flats which redirect the 10-cm square beam to an external experimental

package for testing. Although designed to operate as a stand-alone system, the PLVTS is

homesteaded at Test Cell 3 at HELSTF. When operated at HELSTF, the PLVTS can be

integrated with the existing HELSTF control, diagnostics, and data acquisition systems based on

internal computers.




/

The Lightcraft as a Transmission/Rece@Tion Telescope

The primary mission of the full-scale Lightcraft in space will
most likely be for the transmission of electromagnetic
information, i.e, as a communication satellite for
send/receive transmissions. In this case, the primary mirror
or "optic", commonly called the afterbody because it is to
the rear in laser propelled operations, would serve a dual
purpose on each mission. However, since the mirror has
been designed primarily for propulsion applications, its
performance in other respects may require special optical
corrections to be applied. Studies in the past using ray trace
analysis have indicated that this parabolic surface will have
superior light gathering ability, but the angular field of view
will be limited to about 0.5 degrees. Coma appears to be the
dominant aberration over the entire field of view. A small
abount of astigmatism may be present for the larger angles
of incidence, while other aberrations are essentially
negligible. Analyses of special mechanical subsystems
developed to deploy an advanced segmented photo-optic
sensor (a "ring retina"), into the focal region of the primary
mirror transformed the propulsive optics into a powerful
one meter diameter telescope. Thus, for a low earth orbit of
180 km, the resolution in the opt1cal wavelengths ranges
from 8 cm to 15 cm. For the 10.6 uahg from a CO, laser,
the resolution is 233 cm at the same altltude

20 cm diameter focus Lightcraft, weighing 2 kg, was
used early in the program for coupling coefficient
measurements.

‘ Links




Lightcraft Plasma
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A Plasma is a very high temperature quasi- ‘;,Ok
neutral gas of charged and neutral particl
_which exhibits collective behavior.,Andﬁ/

C ]e’ollective behavior merely means that the
particle motions in the gas depend not only on
local conditions but are Zffected by conditions
in remote regions of the plasma as well. In
other words, a plasma is a gas in which the
temperature is so hot that the molecules have
broken down to their elemental atoms, and
those atoms have lost some or all of their
electrons. Thus, the plasma consists of ionized
atoms and electrons all randomly moving
around at very high velocities. Plasmas,
because of their charged particle electrical
nature, can be influenced by electric and
magnetic fields. Some early tests at the Navfl
Ttosesrch Laboraiory showed that the thrust of
a Lightcraft could be doubled by applying a
magnetic in such a way as to cause a magnetic
nozzle to exist. Plasma temperature is ,
measured in terms of "electron volts (eV)". One electron volt equals 1 1,600 degrees Kelvgn. The
Lightcraft plasma is initially three to four eV. And what makes it really unique is that it is at a very
high pressure. It;pressure initially is af thousands of atmo spheres.p;essmg These temperatures
and pressures are what cause the plasma to "explode" out the back of the Lightcraft producing a
very large "pulse" of thrust. The luminous Lightcraft plasma typically extends about a centimeter
past the lip of the shroud. But, if one looks very closely, one can see a faint luminosity extending
far out the back of the Lightcraft and flowing in a curved trajectory parallel to the optical surface
which is acting like a plug nozzle or "Aerospike". Thus, the Lightcraft exhaust contour will be
able to compensate for altitude and the decreasing pressure during its launches into space.

Home - Links . Photos
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TO:

Frank/Leik:

1998

Dr. Franklin Mead

Dr. Leik Myrabo
AFRL/PRSP

Edwards AFB, CA
Phone: 805-275-5929
Fax: 805-275-5471

Sandy Kirkindall

EP&2

NASA, Marshall Space Flight Center
Phone: 256-544-7233

Fax: 256-544-7400

I am enclosing some proposed editorial corrections to the faxed web
page layouts you sent.

Sandy
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Lightcraft Plasma

A Plasma is a very high temperature quasi-
newtral gas of charged and neutral particles
which exhibits collective behavior, And
collective behavior merely means that the
particle motions in the gps depend not only on
local conditions but are gffected by conditions
. inremote regions of the plasma as well. In
other words, a plasma is a gas in which the
temperature is so hot that the molecules have
broken down to their elemental ators, and
those atoms have lost some or all of their
electrons. Thus, the plasma consists of ionized
atoms and electrons all mndomly moving ,;\1"‘)
around at very high velocities. Plasmas, st
because of their charged particle electrical
nawure, can be influenced by electric and
——=> magnetic fields. Some early tests at the @
Research Laboratory showed that the thngst of
a Lightcraft coutd be doubled by applying &
in such a way as 10 calse a magnetic
pozzle 10 exist. Plasa temperature is ,_..rr-—-‘/<’~
— ey meaaured i terms of “electron volts (eV)". One electron volt equals 11,600 degrees The
Lightcraft plasma is mitially three to four eV. And what makes it really unique is that 21 a very
i sure. essure initially is fi/thovsands of atmospheres,prossse. These temperatures
are what cause the p to "explode” out the back of the Lightcraft producing e
very pulse” of thrust. The haminous Lightcraft plasma typically extends about a cemtimeter
past '9:e lip of the shroud. But, if one looks very closely, one can see a fairt luminosity extendimg
far ptit the back of the Lightcraft and flowing in a curved majectory parallel to the optical surface
which is acting Bke a plug nozzle or "Aerospike”. Thus, the Lighteraft exhaust contour will be
/./ able to compensate for altitude and the decreasing pressure during its launches into space.
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The first phase of the LTD program hegan during the summer of 1996 and is scheduied for completion m
December 1998. The first experiments with a 20 cm Lighterafl weighing 2 kg were conducted m July 1996 at the
High Energy Laser System Test Facility (HELSTF), White Sands Missile Range (WSMR), New Mexico. In fact,
although the program management resides ar Edwards AFB, all testing has been done at the Pulsed L aser
Vulnersbility Test System (PLVIS) at the HELSTF.

The_second phase of the LTD program is scheduled to begin in January 1999, This porton of the deve]o]m;?n/\
——=»effort will use a 100 kW class CO, lager, assemnbled and operated in Test Ce 9 the HELSTF, to launch/ samxz ly

Lightcraft vehicles vertically to the edge of space (~ 30 km). - N .
Read the most recent technical paper , and get a list of references. Shauld thiy he T or 47

Whar's happening: the latest experiments, progress, and TV shosws
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Launch of an ultralight Lightcraft invelves several
steps. First, the Lighterafl is engaged by the laser
and lifted off the launch stand. It then accelerates
at a fixed angle (say 60° upward) toward Mach 5.
With higher speeds and lower air pressure (due to
mncreased altitude), the amount of thrust will
declime. At 30 km alritude, the airbreathing pulsejet
engipe is shut off. The vehicle continues to coast
upward along a ballistic trajectory through the
region of the Paschen minimum pressure, At the
desired altitude, the craft pitches over into its final
horizontal position and begins to receive laser
power from a low- altitude relay satellite. The
Lightcraft, now I rocket mode, begins again 1o
increase speed to that needed for a circular orbit.
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If a relay satellite is not available, then a different
launch trajectory mnst be cmployed. Again, the
Lightcraft xsengagedbythelaserandhﬂedoﬁ”the

Figure 1 - December 1997 night launch of Lighcra®
at the High Energy Laser System Test Facility, White

Sands Missile Range, NM

L:ghtcmﬂ ina ]nghly ellipitical orbit which would
fer the atmosphere half an orbit around the earth. Therefore, a small solid rocket

larize the orbit, Using a small "kick" rocket in this way should enable circular
satefijte altitudes of Ap to 2,000 km.

for G0 Condy
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Dr. Frenklin B. Mead, Jr,
Senior Scientist
Advanced Cancepts Division l
Propulsion Directarate
AFRL, Edwards AFB 93524 \

Pb.D., Aerospace Engineering, The Pennsylvania State University, August 1986.

M.S., Mechamical Enganeering, Purdue University, June 1969,

B.S., Mechaniea) Engineering, University of Michigan, February 1963,

NG. 738 pa?

Franklin_Mead@ple.af.il
(805)275-5928 Voice Mai!
(805)275-5471 FAX
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Academic training as & mechanical and aeroapace engineer is in the thermal sciences (thermod cs, fluid
~—=>  dynamics, aud heat transfar), electric propulsion, and plasma dynamics (including fusion), Has over 25y
experience with advanced propulsion and enargy concepts, is a nationally recognized expert in the subject, and is skiiied
in mulz-diseipline aspects of *advanced* physics & enginsering technology. Professional experience has involved
experimental and program/contract ranagement of RD leve) and advanced develapment efforts, including fi gt
experiments and damonstrations. Currently diracts the search for innovative and revolutionary propulsion concepts in
pursuit of paradigm altering as well as evolutionary concepts that will enhance the Air Force's mission capability.
Typica) subjects worked o includs fusion propulsios, various plasma concepts, unified field theery, zero point vacu.m
energy, magnetic field propulsion, and faster-than-light travel. Experience includes having worked with vasious

chemical, electric, solar, and nuclear propuision thrusters and system coheepts,
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Dr. 1¢ik N. Myrabo

1PA Fellow fram Renssclner Palytechnic Institue Leik_Myrabo@ple.afmil
Air Force Rasearch Laboratary {805)275-5412 Voice Maj)
Propulsion Directorate (805275-5471 FAX
Propulsion Scisnces & Advanced Concepts (FRSP) |

Edwards AFB CA 93524

Ph.D., Engincering Physics, The Univarsity of Califernia at San Diego, 1976.

¢ ’, % “w\7
B.S., Aerospace Enpincering, lowa State University, 1963. /

After recsiving his Ph.D, degreo, he spemt o tota) of seven years at Physical Sgifnces, Inc., W. J. Schafer
Associates, and the BDM Corporation respectively, as a scientist/consultant in direcs#Q enerpy, space prime power, and
—— advanced propulsion tesearch. He joined the Rensselaar Polytechnio Instinut (Y in 1983. His rescarch umtarests apd

activities have imcluded advanced propulsion and power technology, hypersonicgas dynamics, energy conversion, space
technology, and directed energy. Currently, he is conducting theoretical and experxmemal studies an innovative
asronautical, and apace flight propulsion concepts for the year 2005 and beyand. The specific area cuyrenty under
investigation is the application of bsamed energy and field propulsion engines for fumwre air-breathing/rocket shunle-
eraft. Promising bearnad olectvomagmetic power campatible engine cycles inclnde detonation wave engines, scramjets,
electric air-ixrkorockets, rotary pulsejets, and 2 unique variety of sirbreathing electrostatic thrustsr.
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